Purpose: The purpose of this study was to investigate the effects of general and specific warm-up protocols on rate of force development (RFD), relative RFD (rRFD), ground reaction force (GRF) and relative ground reaction force (rGRF) during an isometric mid-thigh pull (IMTP), after WBV exposure. Methods: Fifteen healthy recreationally trained males (age: 24.1 ± 2.3 yrs, height: 72.9 ± 7.8 cm; mass: 86.9 ± 8.3) completed five protocols: baseline, isometric vibration (iVib), isometric no vibration (iNV), dynamic vibration (dVib) and dynamic no vibration (dNV). The baseline was completed without any warm-up prior to the IMTP. The intervention protocols had the same prescription of 4 sets of 30-second bouts of quarter squats (dynamic [DQS] and isometric [IQS]) on the WBV platform with or without vibration. Following a one-minute rest period after each protocol, participants completed three maximal IMTPs. Results: Repeated measures ANOVA with a Bonferroni post hoc demonstrated that RFD in dNV (7657.8 ± 2292.5 N/s) was significantly greater than iVib (7156.4 ± 2170.0 N/s). However, the other experimental trials for RFD demonstrated no significant differences (p>0.05). There were also no significant differences for rRFD, GRF or rGRF between protocols. Conclusion: These results demonstrate that a dynamic warm-up without WBV elicits greater RFD than an isometric warm-up with WBV prior to a maximal isometric exercise. Further research needs to be investigated utilizing dynamic and isometric warm-ups in conjunction with WBV and power output.
Introduction
Improvements in power, developed from multiple training sessions, have been shown to enhance sport performance (Adams et al., 2009; Gerakaki et al., 2013; Haff et al., 2005; Kurt et al., 2014; Lamont et al., 2010) . There are a number of traditional methods such as anaerobic and aerobic protocols that are utilized which lead to an increase in power production; however, athletes and coaches alike are continually looking for novel methods that are more efficient at IJKSS 3(4):31-39, 2015 32 improving performance (Cardinale & Bosco, 2003; Chmielewska et al., 2014; Dabbs et al., 2010; Dabbs et al., 2011; Dabbs et al., 2012; Dallas et al., 2014; Kurt et al., 2014; Lamont et al., 2010; Marin et al., 2013; Rittweger et al., 2000; Ritzmann et al., 2013; Ronnestad et al.,2012) . Traditionally, a warm-up is recommended prior to performing an exercise (Thompson et al., 2013) . Warm-ups typically consist of both general and specific activities. The general warm-up consists of full body movements that are used to increase the body's temperature, blood flow, functional mobility, and muscle activation (i.e. jogging or jumping jacks) (Thompson et al., 2013) . The specific warm-up consists of movements directly related to the performance related tasks (i.e. mimicking movements utilized during performance) (Thompson et al., 2013) .
Participating in a specific warm-up prior to a vigorous activity has been shown to enhance lower body strength and power (Alikhajeh et al.,2011; Hamada et al., 2000; Ribeiro et al., 2014) . However, if the intensity of the specific warmup is too low, it may not augment performance (Anderson, et al., 2014; Ribeiro et al., 2014) . Incorporating a supplementary, specific warm-up, may lead to increased motor unit recruitment and synchronization (Gerakaki et al., 2013; Lamont et al., 2010) . It has been demonstrated that an increase in performance may occur as a result of applying a specific warm-up that utilizes dynamic and isometric exercises that are aimed at eliciting an increase in force production (Lamont et al., 2010) . In addition to dynamic and isometric exercises, whole body vibration (WBV) may be an alternative warm-up method prior to an explosive bout of exercise. In an acute study conducted by Holt et al. (2008) , they demonstrated the use of a dynamic specific warm-up resulted in an increased vertical jump performance in comparison to a general warm-up and stretching protocol. Similarly, a study by Thompsen et al. demonstrated that both horizontal and vertical jumps were enhanced in female collegiate athletes after utilizing a body weight dynamic warmup in comparison to a static or weighted warm-up. Frantz et al. ( 2011) , demonstrated that collegiate baseball players had significant enhancements in lower body power after utilizing body weight exercise dynamic warm-up in comparison to a static stretching warm-up. Anderson et al. (Anderson et al., 2014) found that high intensity warm-ups elevated trained individuals' heart rate to near maximal intensity, and this significantly increased high intensity sprint intervals. These results indicate that the use of a dynamic specific warm-up may be beneficial for trained individuals prior to an acute bout of power exercises.
The purpose of warm-ups are to prepare an athlete for competition (Thompson et al., 2013) . However, some warm-ups have failed to increase lower body performance (Anderson et al., 2014; Cardinale & Bosco, 2003; Reiman et al., 2010; Ribeiro et al., 2014) . Ribeiro et al. (2014) reported that the effects of three different warm-ups did not enhance the number of repetitions to failure during a submaximal squat exercise in recreationally trained individuals'. Aerobic, anaerobic, and stretching exercises did not influence vertical jump performance according to Christensen et al. (2008) Furthermore, Reiman et al. (2010) revealed that teenage athletes did not demonstrate significant differences in lower body power when warming-up with a weighted vest that was 5% of their body weight in comparison to a body weight dynamic protocol. These results indicate that the intensity of the warm-up activities may have been too fatiguing or there was not an adequate amount of rest in between the warm-up and the explosive activity.
Whole-body vibration has been implemented as a specific warm-up alone and in conjunction with dynamic exercises (i.e. squats) prior to explosive activity (Cardinale & Bosco, 2003; Chmielewska et al., 2014; Dabbs et al., 2010; Dabbs et al., 2011; Dabbs et al., 2012; Dallas et al., 2014; Kurt et al., 2014; Lamont et al., 2010; Marin et al., 2013; Rittweger et al., 2000; Ritzmann et al., 2013; Ronnestad et al., 2012; Turner, 2011) . Dallas et al. ( 2014) utilized a low vibration frequency of 30 Hz prior to vertical jump performance and found that jump height significantly increased. Similarly, Dabbs et al. (2010) demonstrated that maximum jump height also significantly improved after WBV exposure at 30 Hz. In another study, jump height significantly increased at a higher frequency of 40 Hz (Turner et al., 2011) . This demonstrates that utilizing WBV as a specific warm-up, may lead to acute increased neuromuscular performance (force and power) prior to an explosive bout of exercise (Cardinale & Bosco, 2003; Dabbs et al., 2010; Dabbs et al., 2011; Dabbs et al., 2012; Dallas et al., 2014; Marin et al., 2013; Rittweger et al., 2000; Ritzmann et al., 2013; Ronnestad et al., 2012) . Conversely, the literature has also shown that WBV has failed to demonstrate significant increases in performance (Chmielewska et al., 2014; Rittweger et al., 2000; Ritzmann et al., 2013) . Chmielewska (2014) demonstrated that WBV did not alter motor unit recruitment of the rectus femoris after exposure to either low-or high-frequency vibration during repeated squats. Similarly, in an applied setting, Rittweger et al. (2000) indicated that acute explosive power decreased after WBV exposure. Furthermore, Ritzmann (2013) reported that the H-reflex was negatively altered following WBV which led to a lack of performance enhancement. As debates continues in the literature regarding WBV, it is important to note that its effects may be highly individualized (Chmielewska et al., 2014) indicating the time to enhancement may be individualized.
An isometric mid-thigh pull (IMTP) is an explosive and complimentary exercise to the Olympic lifts. The IMTP manipulates the start of the second pull of the clean exercise and attempts to reach triple extension of the ankles, knees and hips (Comfort et al., 2011; Jones et al., 2015; Haff et al., 2005 ). An IMTP requires maximal effort, yet the exercise is isometric and joint angles do not change from the starting hang position. The IMTP has been used in research settings to measure applied forces and has also been used as a training tool to possibly eliminate poor technique (Haff et al., 2005) . There have been a number of studies that have investigated RFD and GRF during an IMTP (Comfort et al., 2011; Haff et al., 2005; Haff et al., 2015; Khamoui et al., 2011) with Haff et al., (2015) demonstrating that the IMTP is an acceptable and reliable exercise.
To date, there are no standardized warm-up protocols prior to a maximal isometric power output. The literature reflects multiple combinations of time and exercise methods utilizing static, dynamic and WBV (Adams et al., 2009; Chmielewska et al., 2014; Dabbs et al., 2010; Dabbs et al., 2011; Dabbs et al., 2012; Dallas et al., 2014; García-López et al., 2012; Gerakaki et al., 2013; Kurt et al., 2014; Lamont et al., 2010; Marin et al., 2013; Rittweger et al., 2000; Ronnestad et al., 2012; Turner et al., 2011) making it important to further examine its applicability to improvements in the rate of force development (RFD), relative RFD (rRFD), ground reaction force (GRF) and relative ground reaction force (rGRF) during sport performance after warm-up exposure (Alikhajeh et al., 2011; Chmielewska et al., 2014; Cilli et al., 2014; Dabbs et al., 2010; Dabbs et al., 2011; Dallas et al., 2014; García-López et al., 2012; Marin et al., 2013; Rittweger et al., 2000; Ritzmann et al., 2013; Ronnestad et al., 2012; Thompson et al., 2013; Turner et al., 2011) . As previously mentioned, utilizing a specific warm-up is highly recommended prior to any maximal effort lower body power activity. It has been shown (Lamont et al., 2010) that the use of WBV as a specific warm-up resulted in an acute increase in power and force production during a maximal isometric muscle action. Further investigation is needed to determine the effects of a dynamic, isometric and combination mode of warm-up prior to a maximal isometric muscle action. It is plausible that WBV in conjunction with a specific warm-up may lead to an increase in acute power and force production during an IMTP. Furthermore, research has demonstrated that there is a significant correlation between IMTP and dynamic and explosive exercises (Haff et al., 2005; Khamoui et al., 2011; Marin et al., 2013) . The IMTP exercise was selected for this study to minimize the variance between participants, isolate the dependent variables of interest (Comfort et al., 2011) and test the applicability of the findings (Haff et al., 2015; Lamont et al., 2010) . Therefore, the purpose of this study was to determine the influence of isometric and dynamic exercises in conjunction of WBV versus no WBV on the RFD, rRFD, GRF and rGRF during an IMTP.
Methods
Each participant completed one-familiarization, a baseline and four intervention sessions separated by a minimum of one hour. Three maximal IMTP's were performed one minute after each intervention session (specific warm-up) was completed. Therefore, a within subject repeated measures study design was used to examine RFD, rRFD, GRF and rGRF.
Participants
Fifteen healthy, recreationally trained males who were free of any lower body orthopedic and/or musculoskeletal injuries completed the study (age: 24.1 ± 2.3 yrs, height: 72.9 ± 7.8 cm; mass: 86.9 ± 8.3). Recreationally trained was defined as completing a minimum of three hours per week of resistance training over the last year prior to the initiation of the study. All participants read and signed a University Institutional Review Board (IRB) approved informed consent.
Procedures
Each participant was asked to avoid any lower body aerobic or anaerobic training 24 hours prior to the start and for the duration of the study. During the familiarization session, participants had their anthropometrics recorded, followed by verbal instructions and visual demonstration of the general warm-up and the IMTP. Three non-recorded, self-selected effort pulls of the IMTP were completed at this time. Participants were instructed to pull at minimal to moderate effort. Following this, each participant was given verbal instructions and a demonstration of how to perform the isometric quarter squat (IQS) and the dynamic quarter squats (DQS) during vibration and no vibration exposure while standing on the WBV platform. As participants stood on the vibration platform, IQS were completed simultaneously until they felt comfortable with the task; DQS were completed after the isometric condition. For the familiarization without vibration, participants simply stood on the platform while performing both quarter squat conditions. Participants were instructed to wear the same footwear throughout the remainder of the study.
During the first testing session, baseline testing of the IMTP was conducted prior to any warm-up. The baseline test consisted of three maximal IMTP on the modified Jones Machine (BODYCRAFT, Lewis Center, OH) (Figure 1 ). Participants were given the following instructions prior to each maximal IMTP: "pull as hard as you can, as fast as you can, while driving your feet down into the ground". Encouragement was given during each pull. The IMTP was held for 3-seconds and a 15-second rest period was given between each maximal pull. Lifting straps were worn for all pulls.
After baseline testing, each participant performed a general warm-up and completed the following protocols based on a counterbalanced design: IQS with vibration (iVib), IQS with no vibration (iNV), DQS with vibration (dVib), and DQS with no vibration (dNV). After completing the specific warm-up, one-minute of rest was given prior to the post-test (Cazas et al., 2013) . Post-testing utilized the same protocol as baseline testing. This procedure was repeated until each participant completed each specific warm-up protocol. Each condition was separated by a minimum of one hour.
Warm Up Descriptions
The general warm-up was completed prior to each specific warm-up protocol and consisted of 10 bodyweight squats, 10 m of walking knee hugs and 10 m Frankenstein marches. During the walking knee hugs participants stepped forward with one foot and went into full range of motion of plantar-flexion, as the opposite leg flexed at the knee and the hip while the participant pulled their knee into their chest simultaneously. Frankenstein marches consisted of stepping forward with one foot and kicking the opposite leg into the air at maximal range of motion, while maintaining straight legs. After their perceived maximum range of motion had been achieved, the kicking leg returned to starting position and then switched legs.
The specific warm-up consisted of 4 sets of 30-second bouts in conjunction with the following: IQS with vibration. (iVib), IQS with no vibration (iNV), DQS with vibration (dVib), DQS with no vibration (dNV) while standing on the vibration plate. Thirty-seconds of rest was given between each bout. All vibration conditions were completed at 30 Hz and the no vibration protocols were completed at 0 Hz while standing on the vibration platform. During the 30-second bouts, participants completed one of the intervention conditions at a time. The IQS was defined as a muscle action that did not alter any changes in the joint angles, thus maintaining a constant musculotendinous length for the duration of the 30-second bout (Garner, 2008) . The DQS was defined as repetitive eccentric to concentric muscle actions at a 1 to 1 ratio. The researcher monitored the IQS and the 1-second to 1-second ratio for each participant.
Isometric Mid-thigh Pull
A standard Olympic barbell and a modified Jones Machine were used to perform the IMTP. The Jones Machine hooks had been reversed, so the barbell could not move when an external load was placed on it. The barbell was held directly under the hooks by straps (Figure 1 ). To mimic a power stance, participants started in a hang position between 120-and 130-degree knee flexion (West et al., 2011) . Hip flexion was maintained in a comfortable position in response to the knee flexion throughout the exercise. By placing the participant in an optimal force-generating angle, the power stance may potentially result in the greatest amount of power production (Comfort et al., 2011; Haff et al., 2015; Kawamori et al., 2006) . The barbell placement was adjusted with respect to the height of each participant; a goniometer was used to measure the knee joint angle. Hip flexion was in a fixed angle relative to the comfort of the participant. Foot placement was slightly greater than shoulder width while an overhand grip placement was used on the barbell; this grip position was directly on the lateral sides of the participant's quadriceps. Prior to initiation of the exercise, participants set up in the power position with their weight distributed evenly on both feet. A certified strength and conditioning specialist (CSCS) monitored all participants to ensure safety and proper technique was performed. Proper technique consisted of maintaining a flat back, head placement in a neutral position, and shoulders positioned slightly over the bar. To initiate the action, participants were instructed to explosively drive through their feet, in an attempt to extend at the ankles, knees and hips. For this study, the IMTP was defined as a maximal concentric loading exercise, yet there were no changes in joint angle (Garner et al., 2008) . This resulted in a concentrically loaded, maximal isometric muscle action, where no mechanical movement occurred.
Equipment
The force plate was a 0.6 m x 0.4 m force platform (Bertec Corporation, Columbus, OH, Inc.) embedded in floor and was used to measure IMTP RFD and GRF with a sampling rate of 1000 Hz. The Power Plate pro5 (Northbrook, IL), which had a 86 cm x 94 cm (W x D) vibration platform was used. It administered a pivotal vibration frequency at 30 Hz with a vertical amplitude of 2-4 mm.
Data Analysis
Data analysis was conducted by a self-developed code written in Matlab (Mathworks, Inc., Natick, MA, USA). The interval of movement during the analysis was from the time point of when the vertical ground reaction force (VGRF) returned back to the participant's body mass to the end of the pull (see figure 1) . RFD was defined by the amount of force produced over the change in time (200 Nm/s) initiated at the beginning of the movement interval (Haff et al., 2015; Lamont et al., 2010) . Relative RFD was defined as the absolute RFD divided by the participant's bodyweight in kilograms (Nm/s/kg). GRF was defined as the maximum VGRF throughout the entire movement interval. GRF was analyzed at the time point at which the participants force peaked throughout the pull. Relative GRF was defined as the absolute GRF divided by the participant's bodyweight in kilograms (N/kg). Multiple 1 x 5 repeated measures analysis of variance (ANOVA) were used to determine differences between conditions. All statistical procedures were conducted using SPSS (version 22, Chicago, IL, USA). An a priori alpha level was set at 0.05. A Bonferroni post hoc was used to highlight any between condition differences. Figure 1 . Isometric Mid-Thigh Pull Description: the barbell was securely fixed with straps, while the weight added to the barbell was added to ensure the Jones Machine would not move.
Results
There was a significant main effect for RFD. Post hoc testing revealed dNV was significantly greater than iVIB with an overall effect size of .84. No other conditions were different (figure 2). There were no significant (p>0.05) differences between conditions for rRFD, GRF or rGRF (table 1) . Individual percent change from baseline for GRF, rGRF, RFD and rRFD are illustrated for each condition in figure 3 , 4, 5 and 6, respectively. Figure 2 . Rate of Force Development Description: Maximum RFD values for all five conditions: isometric vibration (iVib); isometric no vibration (iNV); dynamic vibration (dVib); and dynamic no vibration (dNV); Group means: mean ± SD; (Nm/s); * significantly greater than iVib. Description: rRFD percent change for each participant and condition.
Discussion
The purpose of this study was to investigate the influence of dynamic and isometric specific warm-ups in conjunction with WBV on acute GRF and RFD during an IMTP. The main finding of this study was that no warm-up condition demonstrated any significant differences from baseline. A secondary finding was that the dynamic, specific warm-up without WBV elicited greater absolute RFD in comparison to the isometric, specific warm-up with WBV, but was not
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37 different from any other condition. To our knowledge, this is the first study to investigate the effect of WBV in conjunction with different specific warm-ups on RFD, and GRF during an IMTP. Currently, there is a lack of research investigating WBV in conjunction with dynamic and isometric specific warm-ups on an isometric exercise. Therefore, it is difficult to directly compare current literature to the present study. However, the design of this study was based off WBV, resistance training and resistance exercise protocols (Adams et al., 2009; Chmielewska et al., 2014; Dabbs et al., 2010; Dabbs et al., 2011; Dabbs et al., 2012; Dallas et al., 2014; Gerakaki et al., 2013; Kurt et al., 2014; Lamont et al., 2010; Marin et al., 2013; Rittweger et al., 2000) . As WBV has been shown to prime the higher order motor units prior to an explosive exercise.
There are a number of variables that influence the ability of a warm-up to enhance performance, such as intensity, load, training age, biological age, and fiber type (Alikhajeh et al., 2011) . The present study used recreationally trained individuals to investigate lower body isometric strength after various warm-up protocols. Berning et al. (2010) , reported that a general warm-up (5-minutes of cycling) in conjunction with one, 3-second heavy isometric squat (150% of the participants 1RM) elicited greater vertical jump height in recreationally trained individuals indicating that a supramaximal isometric muscle action enhances performance. This suggests the isometric intensity utilized in the present study may not have been great enough to elicit increased strength. Thompsen et al. (2007) investigated the influence of a weighted specific warm-up in comparison to a body weight specific warm-up in division III athletes. They reported that vertical and horizontal jump distance was enhanced following a dynamic warm-up in comparison to a static warm-up protocol. Similarly, Lowery et al. (2012) investigating the effects of low (56%), moderate (70%) and high intensity (93%) warm-ups on vertical jump performance, and showed that low intensity did not enhance performance. However, with an adequate amount of recovery (~4 minutes), moderate and high intensity increased performance. Similarly, Frantz et al. (2011) demonstrated that a dynamic warm-up consisting of body weight exercises stimulated an increase in vertical jump height and horizontal jump distance, but horizontal jump distance decreased after an isometric warm-up compared to no warm-up. This suggests that a low intensity isometric warm-up prior to an explosive power exercise may not enhance or even reduce performance. In contrast, the present study demonstrated no significant negative effects on performance following an isometric warm-up. Lamont et al. (2010) compared isometric quarter squat training with a combination of WBV and resistance training versus resistance training alone and demonstrated that neither post-training GRF or RFD at 250 ms were significantly different from baseline measures. Their results are similar to the present study in that there were no significant differences between groups for GRF. This suggests that WBV in conjunction with isometric exercises could be utilized as a general or specific warm-up. An acute investigation by Bush et al. (2015) analyzed dynamic and isometric warmups with and without WBV in untrained individuals on knee extension strength. They demonstrated that there were significant increases in force production after the dynamic vibration protocol, but a significant decrease for all other conditions (dynamic and isometric without vibration and isometric with vibration). Furthermore, it was indicated that the decline in force production occurred during post-testing and was a result of fatigue (Bush et al., 2015) . In the present study, none of the conditions elicited a significant difference in force production. This suggests that untrained individuals may demonstrate acute force increases following dynamic squats with WBV, while resistance trained individuals may require increased volume or intensity. Additionally, as the dynamic protocol used by Bush et al. (2015) had a longer eccentric to concentric ratio for dynamic squats, this and the 1-to 1-second ratio used in the present study may support why a decrease in the applied force output was not seen presently. WBV has demonstrated that it may elicit improvements in acute force and power performance in resistance trained individuals (Adams et al., 2009; Cormie et al., 2006; Dabbs et al., 2010; Dabbs et al., 2011; Dabbs et al., 2012; Ronnestad et al., 2012) . It has been hypothesized to activate the alpha-motor neurons, which may improve performance measures in an acute bout of explosive performance during an isometric muscle action (Lamont et al., 2010) . In theory, the combination of WBV with dynamic or isometric resistance exercises may alter the neuromuscular contractile activity, leading to an increase in applied force production by recruiting higher order motor units. An acute study conducted by Cormie et al. (2006) found that jump height was significantly increased following WBV at 30 Hz when performing an isometric squat. This may infer that the combination of WBV and an isometric warm-up may increase applied force prior to a dynamic movement questioning the rule of specificity. Ronnestad et al. (2012) reported an increase in acute peak power in an explosive dynamic exercise after a bout of WBV at 50 Hz with no significant differences in dynamic strength in comparison to no WBV . In contrast to the present study, explosive exercise elicited a significant increase RFD after a dynamic protocol without vibration in comparison to the isometric warm-up with vibration. This may indicate that the total volume or intensity of WBV may have been too low in the present study to see an increase in IMTP performance.
Conclusion
These results suggest that WBV consisting of 4 bouts of 30-seconds, while performing DQS or IQS with 30s rest, does not influence RFD or GRF in an IMTP. However, DQS without vibration for 4 bouts of 30s demonstrated an increase in RFD compared to iVib, but no other conditions. This suggests that athletes and coaches who are in search of various methods of eliciting an acute increase in power should consider implementing this protocol. In addition, utilizing WBV does not negatively effect force or power production. Thus, this specific methodology could be conducted as a general warm-up. These results may also suggest that a stimulus similar to a dynamic movement should be used prior to a maximal isometric action. Further research is needed to determine an optimal protocol for explosive isometric exercise subsequent to a specific warm-up in conjunction with WBV.
